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ABSTRACT 
Optical devices are very important part in optical communication system that 
makes the system work. Reliability, quality, cost and new functionalities become 
important factors for acceptance of optical devices in telecommunication network as 
a whole. Optical devices such as switch and coupler, consist of common element is 
called as waveguide. Thus, the functions of each optical device depend on 
parameters of the waveguide. In this project, simulation software of the rib 
waveguide will be developed to obtain optimize parameters for fabrication process, 
thus minimize the error and cost. Purpose of the simulation is to obtain the electric 
profile and effective refractive index of the waveguide by input the parameters such 
as dimension of waveguide structure, refractive index of material and operated 
wavelength. The mathematic model of waveguide is obtained by using Finite 
Difference Method based on Scalar Wave Equation. The simulation software is 
developed using current version of C language, Visual C++ 6. It is provided with 
new features suitable for Window-Based program. The performance of the developed 
simulation software is verified by using well established rib waveguide structure. 
The results obtained from simulation are agreeable with other researcher. It shows 
that the developed software is comparable with other software available in market. 
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ABSTRAK 
Peranti optik merupakan komponen yang sangat penting dalam sistem 
perhubungan optik bagi membolehkan sistem itu beroperasi. Kebolehharapan, 
kualiti, kos dan fungsi-fungsi baru menjadi faktor penting kepada penerimaan 
sesuatu peranti optik dalam keseluruhan jaringan telehubungan. Peranti optik seperti 
suis dan penganding terdiri dari unsur yang dipanggil pandu gelombang. Oleh itu, 
fungsi-fungsi setiap peranti optik bergantung kepada parameter-parameter pandu 
gelombang tersebut. Dalam projek ini, perisian simulasi bagi pandu gelombang 
tetulang akan dibangunkan untuk mendapatkan parameter yang optimum bagi proses 
fabrikasi, justeru itu kesilapan dan kos dapat diminimumkan. Tujuan simulasi ini 
ialah untuk mendapatkan profil medan elektrik dan indek biasan berkesan pada 
pandu gelombang dengan memasukan beberapa parameter seperti ukuran struktur, 
indek biasan bahan dan panjang gelombang. Model matematik bagi pandu 
gelombang diperolehi menggunakan Kaedah Pembezaan Terhingga berdasarkan 
Persamaan Gelombang Skalar. Perisian simulasi dibangunkan menggunakan versi 
terkini bahasa C iaitu Visual C++ 6. Ia dilengkapi dengan ciri-ciri baru sesuai untuk 
aturcara Berasakan-Tetingkap. Prestasi perisian simulasi yang dibangunkan disahkan 
dengan menggunakan struktur pandu gelombang terkemuka. Hasil keputusan 
simulasi yang diperolehi adalah menyetujui dengan penyelidik lain. Ini membuktikan 
perisian yang dibina setanding dengan perisian lain dalam pasaran. 
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The rapid growth of optical communications system makes the optical 
devices great demand all over the world. Reliability, quality, cost and new 
functionalities become important factors for acceptance of optical devices in 
telecommunication network as a whole. Optical communications systems promise 
for high bandwidth, high speed, low loss and low cost. The optical communications 
give opportunity for development of new applications. Many research efforts have 
been done to improve the quality of the communications system in order to fulfill the 
demand of customer and market competition. There are many research works 
involved such as simulation, characterization, fabrication and measurement. 
In this project, simulation has been chosen because by simulation, an 
optimize parameters of waveguide can be obtained for fabrication process, thus 
minimize the error and cost. Simulation is veiy important process in designing 
optical devices because it can avoid many problems in the early stage and hence help 
the designer to undertake necessary action. 
2 
From the literature review, solving waveguide problem is actually to solve 
wave equation which is derived from the well known Maxwell's equation. The 
analysis of waveguide can be done in Scalar[l][2][3], Semivectorial[3][4] or 
Vectorial[5] Wave Equation. The difference between theses wave equation are due to 
several assumptions have been made during derivation of equation and each of them 
have difference level of complexity. The scalar wave equation is the simplest 
equation compared the other two. In this project, only weakly-guiding waveguide 
and polarization direction is appropriately chosen. Thus, the scalar wave equation 
will be used. 
There are many numerical methods available to solve the waveguide problem 
in order to determine the effective refractive index, normalized propagation constant 
and field profile. Among the popular methods are Effective Index (EI) Method, 
Finite Difference Method (FDM) and Finite Element Method (FEM). The Effective 
Index (EI) Method does not give good results when the structure operates near cut-
off[2]. Finite Element Method (FEM) may appear the troublesome of spurious 
solutions [6]. Thus, FDM is chosen for this project because considering above 
mentioned problems. 
The FDM to solve the scalar wave equation can be implemented by computer 
programming such as FOTRAN, C and others. FOTRAN becomes not popular 
nowadays because the existing more powerful computer language such as C. C 
language has been used for numerical method in electromagnetic problems [7]. C 
language can generate "stand alone" program. Current version of C language, Visual 
C++ (VC++) can be used to develop Window-based program and Graphical User 
Interface (GUI) with very small effort. Due to above reason, VC++ will be used in 
this project. 
3 
1.2 Project Objective 
The main objective of this project is to develop simulation software using 
Visual C++ based on Finite Difference Method (FDM) to solve the Scalar Wave 
Equation in optical devices. Other objective is to evaluate the performance and 
accuracies of the software with other standard software such as Beam Propagation 
Method (BPM CAD). 
1.3 Structure of Thesis 
There are seven chapters in this thesis. Chapter 1 will have a brief description 
about project introduction, methodology, objective and related topics that will 
include in each chapter. 
Chapter 2 will focus on the basic theoiy of electromagnetic as a foundation 
for the formulation of wave equation. The derivation of scalar, semi-vectorial and 
vectorial wave equations form well known the Maxwell's equations. 
Chapter 3 will explain about optical waveguide application in integrated 
optics, planar waveguide, modes and cut-off. The description about two dimension 
confinements of channel waveguide and several channel waveguide geometry 
available. Explain the numerical methods such as EIM and FDM that available to 
solve wave equation. 
Chapter 4 will explain more detail how the mathematic model for waveguide 
is derived form the Scalar and Semivectorial Wave Equation to the FD form. 
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Chapter 5 will focus on the Visual C++ programming concept such as classes, 
inheritance and others, development of software, flow chart of program and 
operation manual of software. 
Chapter 6 will consist of simulation results and discussions. Two rib 
waveguide structures and a directional coupler used as samples where the 
performance and accuracies of the simulation software are compared with other 
researcher and BPM_CAD. 
Chapter 7 will conclude overall achievement of the project, suggestions to 
improve the software for future work. 
